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Abstract 
The design and development of an inexpensive and customizable platform, for ultra-high throughput pyrosequenicng is 
presented. The platform comprises a micro-chip containing millions of reaction wells on a fiber optic platform, integrated with 
fluidics and a CMOS image sensor for chemiluminescence detection. Proof of concept experiments were performed to 
demonstrate the viability of the system for sequencing. Synthetic DNA, with various sequences, were designed and sequenced in 
the Pyrome sequencer. An experiment designed to test the loss of beads during long reads demonstrated that there is no 
appreciable loss of beads after sequencing 25 base pairs. 
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1. Introduction 
DNA sequencing is considered to be among the top priorities in biosciences today [1]. Although, several 
sequencing platforms are in use, their cost is prohibitive for resource constrained environments such as 
underdeveloped countries; where genomic sequencing  can provide a wealth of information on disease diagnosis and 
development of therapeutic interventions [2-4]. It is clear that no technology, at present, can claim to address the 
issues of cost, time and accuracy simultaneously, in particular the grand challenge in genomics - to be able to 
sequence a human genome under $1000 within a day. Strong initiatives have been launched in the form of NHGRI 
(National Human Genome Research Institute) announcing grants worth US$70 million to develop such technologies 
able to sequence human genome for US$100,000 by 2010, and for US$1000 by 2015. Another initiative is the X-
Prize foundations’ $10 million dollar award for developing technologies that could sequence 100 human genomes 
within 10 days or less, with an accuracy of more than 99.99%, with sequences accurately covering at least 98% of 
the genome, and at a recurring cost of no more than $10,000 per [5]. 
Pyrosequencing is a sequencing-by-synthesis method for DNA sequencing. It relies on the bioluminometric 
real-time detection of inorganic pyrophosphate (PPi) released during successful incorporation of nucleotides. The 
incorporation of nucleotides into the DNA sequence generates pyrophosphate, which is in turn converted to visible 
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 light by enzymatic reaction cascades, such that the light generated is linearly proportional to the number of 
incorporating nucleotides [6-7].  
 
 
 
 
 
 
 
 
The scheme of reactions indicated above represent the pyrosequencing reaction cascade. The addition of a 
complementary nucleotide triggers the production of pyrophosphate, which then in the presence of sulfurylase is 
converted to ATP. ATP is subsequently and in parallel converted to light in the presence of Luciferase and AMP in 
the presence of apyrase. The unbound nucleotide is consumed by apyrase. 
An inexpensive and customizable platform, which will facilitate ultra-high throughput pyrosequenicng is 
being developed. The platform comprises a micro-chip containing millions of reaction wells on a fiber optic face 
plate, integrated with a CMOS image sensor for light detection. In contrast, the present commercial sequencing 
platforms use a CCD image sensor and the systems are listed at over US$500,000. CMOS cameras have come a 
long way in their evolution and can produce comparable performance to CCD imagers at a fraction of a cost, whilst 
providing a host of other advantages such as easy system integration and on-board signal conditioning electronics 
[8]. The sequencing platform being developed uses a CMOS imaging sensor and possesses several unique features 
including higher read-length, label-free, real-time pyrosequencing, and low initial (instrument) and running 
(reagent) cost.  
2. Materials and Methods 
 
The sequencing system comprises various subsystems, namely, fluidic subsystem for metering and control 
of various reagents entering the reaction chamber and transport of products away from the chamber, imaging 
subsystem for acquisition of chemiluminesence intensity from the various reaction wells, thermal subsystem 
providing temperature control for imaging system and the reagents. The pyrosequencing reaction takes place in a 
reaction chamber comprising an array of photolithographically fabricated 45µm microwells with 45µm depth on a 
fiberoptic face plate. Individual DNA beads are located in microwells, which are then packed with smaller sized 
enzyme beads and packing beads to ensure tight packing and prevent delamination and loss of beads during reagent 
flow.  
 
 
Figure 1: Schematic of the pyrosequencing system comprising the fluidic module and imaging module interfaced to a personal computer. 
 
The nucleotides (AGCT) are flown sequentially. Each nucleotide flow cycle comprises the nucleotide flow 
followed by an Apyrase flow- to consume the unincorporated nucleotides, followed by substrate buffer flow- to 
replenish the enzymes. The nucleotide flow cycle is repeated as many times as the number of base pairs desired to 
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be sequenced. The entire process is automated and controlled by a visual interface developed in MATLAB. The 
image acquisition process is synchronized with the reagent flow process and data is processed and stored 
automatically.  
Figure 1, shows the schematic of the system that was designed and assembled for pyrosequencing. The 
reagents are held in an aluminum block holder designed to carry reagent tubes. The rear of this block is in contact 
with a thermoelectric cooler to maintain the reagents at 5 0C. A multiposition valve and peristaltic pump facilitate 
reagent transport to and from the reaction chamber. The core component of the system is the reaction/imaging 
module. The fiber optic face plate where the pyrosequencing reaction takes place in millions of picoliter sized wells 
is located in this module. The face plate is mounted flush on the camera face. On the other side of the face plate a 
silicon gasket cut to shape is sandwiched between the face plate and a plastic cover plate, which creates a tight seal 
for reagent flow. The entire reaction/imaging module is mounted on the thermoelectric cooling mechanism, which 
maintains the temperature below 0 0C.  
 
3. Results and Discussion 
 
To quantitate the bead loss due to long reads; nucleotide flow cycle was executed 25 times in the flow chamber. 
Figure 2 shows the light intensity detected by a photomultiplier tube (PMT). The modulation of light intensity due to 
the flow of nucleotides followed by Apyrase is highly reproducible, with minimal loss of intensity over 25 cycles, 
which indicates negligible loss of enzyme coated beads during the 25 cycles. The solution collected from the output 
of the reaction chamber was processed through a coulter counter to enumerate the number of enzyme and DNA 
beads lost during the flow. 
 
Figure 2: demonstrates the modulation of chemiluminescence generated by directly flowing the pyrophosphate and DI water 
sequentially for 30 seconds each. 
 
It was found that there was less than 0.007% (6200 beads/µl beads are lost from 8.7 X 106 beads/µl) of 
DNA bead loss and less than 0.77% (10.0 X 106 beads/µl beads are lost from 1.3 X 109 beads/µl) enzyme beads loss 
after 25 pyrophosphate dispensation cycles. The numbers are within experimental error and it is clear from Figure 2 
that the signal due to 25 cycles of pyrophosphate remains same proving that the enzyme bead lost is not a big 
concern.  
Figure 3 (left) shows the sequencing of first four correct nucleotides (CGTA) of a custom-designed 
oligonucleotide (GCAT). The flow of incorrect nucleotides (Figure 2, non-bold font) generated trace amounts of 
light where as the flow of correct nucleotides (Figure 2, bold font) produced higher signal levels. The insertion of 
wrong nucleotide flows in the correct sequence establishes the viability of this technique for denovo sequencing, 
besides providing information on the strength of the background signal for signal normalization. In another 
experiment, the chemiluminesence generated was captured using well-to-pitch matched CMOS image sensor (figure 
4 (right)). A rectangular section of the face plate in contact with the image sensor was populated with the enzyme 
beads. A flow channel was fashioned with silicone sheet to serve as a flow chamber on the face plate. Upon flowing 
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Figure 21: Modulation of chemiluminescence generated by 25 pyrophosphate 
dispensation cycles. The reaction was periodically quenched by flowing apyrase
wash. Flow order: 21 sec substrate buffer (comprising luciferin and APS), 21sec 
0.1uM is Pyrophosphate; 14 sec substrate buffer; 28sec 10X ayprase wash
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the correct nucleotide, the light generated by the enzymatic reaction cascade was captured by the image sensor. This 
demonstrates that the signal strength generated by the reaction is sufficiently high for CMOS based detection.  
 
4. Conclusion 
Preliminary results from the sequencing system being developed indicate the viability of this system for 
pyrosequencing. The system is clearly able to distinguish between the correct and incorrect nucleotide flow ther by 
demonstrating the potential for de novo sequencing. Multiple cycle (25) nucleotide flows demonstrated that the loss 
of enzyme and DNA beads from the reaction chamber was minimal. Currently, the registration between the wells 
and pixels on the camera is not optimized; however, with the use of higher resolution camera in combination with 
fiber optic face plate with reduced fiber diameter will circumvent the need for registration and greatly improve 
resolution of the system. Due to the potential of achieving higher read-length (upto 500), inexpensive reagents and 
sensors, this approach is time-and-cost efficient in comparison to other contemporary sequencing platform.  
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Figure 3: Left - Sequencing of synthetic DNA string GCAT. The letters indicated in red represent the flow of incorrect nucleotides, whereas 
the green letters represent the correct nucleotides, and Right - An image from the CMOS camera during sequencing. The colored strip 
indicates the rectangular area into which the DNA and enzyme containing beads were deposited 
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